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ABSTRACT

Introduction: Bacterial infections have a sig-
nificant impact on human health; they can
cause severe morbidity and mortality, particu-
larly in susceptible populations. Epidemiological
surveillance is a critical tool for monitoring the
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population’s health and facilitate the preven-
tion and control of infectious disease outbreaks.
Knowing the burden of bacterial communica-
ble diseases is an initial core step toward public
health goals.

Methods: Saudi epidemiology surveillance data
were utilized to depict the changing epidemi-
ology of bacterial infectious diseases in Saudi
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Arabia from 2018 to 2021. The cumulative num-
bers of cases, demographics, and incidence rates
were analyzed and visualized. Parametric tests
were used to compare the difference in the mean
values between categorical variables. Regression
analysis was employed to estimate trends in dis-
ease rates over time. Statistical significance was
set at p value<0.05.

Results: The results revealed that brucellosis,
tuberculosis, and salmonellosis were the most
frequently reported bacterial infectious diseases
in Saudi Arabia. Males were more significantly
affected by brucellosis and tuberculosis infec-
tions than females. Salmonellosis infections
were more significant among Saudi citizens,
while pulmonary tuberculosis was more sig-
nificant in non-Saudis. Interestingly, there was
a decline in the incidence rates of numerous
bacterial infectious diseases during the Corona-
virus Disease 2019 (COVID-19) pandemic and
COVID-19 restrictions. Some bacterial infectious
diseases were rarely reported in Saudi Arabia,
including syphilis and diphtheria.
Conclusions: The future perspective of this
research is to enhance disease surveillance
reporting by including different variables, such
as the source of infection, travel history, hos-
pitalization, and mortality rates. The aim is to
improve the sensitivity and specificity of sur-
veillance data and focus on the mortality asso-
ciated with bacterial pathogens to identify the
most significant threats and set a public health
priority.

Keywords: Bacterial infections; Surveillance;
Epidemiology; Prevention; Saudi Arabia

Why carry out the study?

Bacterial infections are well known as one of
the leading causes of global infection-related
morbidity and mortality.

Epidemiological surveillance is a critical tool
for monitoring the population’s health and
facilitate the prevention and control of infec-
tious disease outbreaks.

This study aims to highlight the current
Saudi epidemiology surveillance data and
describe the bacterial infectious diseases
reported in the Kingdom between 2018 and
2021.

What was learned from the study?

The results revealed that brucellosis, tuber-
culosis, and salmonellosis were the most fre-
quently reported bacterial infectious diseases
in Saudi Arabia, while some bacterial infec-
tious diseases were rarely reported, including
syphilis and diphtheria.

There was a significant difference in the dis-
tribution of some bacterial infectious diseases
between Saudi and non-Saudi citizens and
between males and females.

The study revealed multiple opportunities
for enhancement in the Saudi surveillance
system; implementing an improved public
health surveillance system helps overcome
challenges associated with controlling infec-
tious diseases.

INTRODUCTION

Infectious diseases have long been recognized
as a leading cause of illness and death and a
global priority for public health [1]. Accord-
ing to the World Health Organization (WHO),
lower respiratory infections and diarrheal dis-
eases were among the top 10 leading causes
of death worldwide [2]. Bacterial infections
are remarkably involved in global infection-
related deaths; however, more data are needed
to present a comprehensive global estimate of
mortality associated with bacterial infections.
In a recent study that estimated global moz-
tality, 13.6% of all global deaths and 56.2% of
all sepsis-related deaths were due to 33 bacte-
rial pathogens. The leading bacterial pathogens
associated with global death are Staphylococcus
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aureus, Escherichia coli, Streptococcus pneumoniae,
Klebsiella pneumoniae, and Pseudomonas aerugi-
nosa [3]. The United States Centers for Disease
Control and Prevention (CDC) established the
Active Bacterial Core surveillance, which pro-
vides estimates on invasive bacterial infections
of public health importance in the United States
(US) and offers the infrastructure to track disease
trends and facilitate public health research [4].
In Saudi Arabia, epidemiologic data on bacterial
infections are crucial to implement targeted pre-
vention efforts. This is particularly important as
each year the country hosts millions of pilgrims
from all over the world that arrive in the coun-
try to perform Hajj and Umrah [5]. During the
Hajj and Umrah seasons, the potential for infec-
tious disease outbreaks is remarkably high due
to the crowded conditions [6]. However, Saudi
Arabia has shown remarkable achievements in
reducing the burden of disease and improving
the access and quality of health care in recent
years. It has also invested in strengthening its
public health systems and building capacity for
disease outbreak response, surveillance, labora-
tory systems, and workforce development. Fur-
thermore, it has implemented various preven-
tive and control measures such as vaccination
campaigns, screening programs, antimicrobial
stewardship programs, and public awareness
campaigns [7].

Monitoring the burden of infectious diseases
and their epidemiology is crucial for maintain-
ing the population’s health by controlling dis-
ease outbreaks and facilitating disease preven-
tion. In Saudi Arabia, the Field Epidemiology
Program & Surveillance and Data Management
unit of the Ministry of Health is responsible for
tracking infectious diseases. National surveil-
lance data are essential in tracking trends in dis-
ease rates and, most importantly, the impact of
control measures such as vaccination programs
in eliminating and eradicating certain infectious
diseases [8]. Knowing the burden of bacterial
communicable diseases is an initial core step
toward public health. Therefore, this study aims
to highlight the current Saudi epidemiology sur-
veillance data of bacterial infectious diseases in
the Kingdom of Saudi Arabia reported between
2018 and 2021.

METHODS

The Saudi epidemiology surveillance system
collects and aggregates data on a national level
using the “HESN” program, a public health solu-
tion for disease surveillance and management.
The data sources include laboratories, primary
healthcare, hospitals, and specific health pro-
grams. The case definitions for the surveillance
data are categorized as possible based on clinical
criteria, probable based on clinical criteria, epi-
demiological link, and presumptive laboratory
criteria, and confirmed based on laboratory con-
firmation. Among bacterial diseases, tuberculo-
sis can be reported as possible, and brucellosis,
meningococcal infections, pertussis, syphilis,
and tetanus can be reported as probable. The
International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision,
Australian Modification (ICD-10-AM) is utilized
for diagnosis coding by the Ministry of Health
in Saudi Arabia [9].

In this study, the Saudi surveillance data were
utilized to depict the changing epidemiology of
bacterial infectious diseases in Saudi Arabia from
2018 to 2021, along with a detailed graphical
analysis of the cases during the same period. The
cumulative cases and demographics (sex, nation-
ality, and age) were calculated and reported. Sex
is defined as male and female; nationality is clas-
sified as Saudi and non-Saudji; age groups are cat-
egorized as 0—4 age group, 5-14 age group, 15-29
age group, 30-59 age group, and elderly (60
years and above). For each disease, the incidence
rates per 100,000 population were calculated
with a 95% confidence interval, and population
data for 2018-2021 years were used. To compare
the difference in the mean values between cat-
egorical variables such as sex and nationality,
Student’s t test was employed since the data were
normally distributed. One-way ANOVA analy-
sis was used to test for differences in the mean
values between different age groups (normally
distributed). If the results revealed statistical sig-
nificance between the age groups, post hoc anal-
ysis was conducted using Bonferroni correction.
Regression analysis was employed to estimate
trends in disease rates over time. Data analyses
were performed using Microsoft Excel software
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(version 16.75.2). Statistical significance was set
at p value<0.0S. These data describe the inci-
dence of bacterial infectious diseases over time
and the differences among groups for each char-
acteristic. This study is based on previously col-
lected data and does not contain any new data
that involved human participants or animals
performed by any of the authors.

RESULTS

In Saudi Arabia, 13 bacterial infectious diseases
are included in the Saudi epidemiology surveil-
lance. These infections include brucellosis, TB
(both pulmonary and extra-pulmonary), Salmo-
nellosis, typhoid and paratyphoid fever, men-
ingitis, shigellosis, pertussis, cholera, tetanus,
leprosy, Haemophilus influenzae (encephalitis),
syphilis, and diphtheria. The most common
reportable bacterial infection in Saudi Arabia is
brucellosis, followed by tuberculosis (both pul-
monary and extrapulmonary), and Salmonello-
sis. Table 1 shows a summary of the reportable
cases in Saudi Arabia from 2018 to 2021. Table 2
summarizes the differences in mean values of
categorical variables (sex and nationality), while
Table 3 summarizes the differences in mean val-
ues between different age groups throughout
the study period. Table 4 shows the results of
regression analysis of bacterial infectious disease
trends over time.

Brucellosis is a widespread zoonotic infection
caused by Gram-negative bacteria of the Brucella
species [10]. Brucellosis was the most reported
bacterial infectious disease in Saudi Arabia
between 2018 and 2019 (Table 1). In 2018, bru-
cellosis incidence rate was 17.3 (95% CI: 17.16,
17.44). Then, brucellosis incidence during
2019 decreased slightly to 14.0 (95% CI: 13.87,
14.13). Interestingly, cases dropped remarkably
in 2020 and 2021, with a rate of 7.3 (95% CI:
7.19, 7.41) and a rate of 7.1 (95% CI: 7.04, 7.16),
respectively. Fortunately, a significant decreas-
ing trend in brucellosis incidence rate was
observed (p value = 0.04). Brucellosis atfected
males more significantly than females (p value
= 0.04). There was a significant difference in the
average brucellosis cases between different age

groups (p value<0.01). However, post hoc analy-
sis revealed no statistical significance.
Tuberculosis (TB) is one of the most reported
bacterial infectious diseases in Saudi Arabia,
where more than 2000 people get infected with
pulmonary TB yearly, while Extrapulmonary
tuberculosis (EPTB) cases range from 600 to 900
annually (Table 1). In 2018, the incidence rate
of TB was 12.9 (95% CI: 12.82, 12.98). The TB
incidence decreased from 12.0 (95% CI: 11.95,
12.05) in 2019 to 8.6 (95% CI: 8.51, 8.69) in
2020. However, the incidence of TB increased
to 10.2 (95% CI: 10.11, 10.29) during 2021.
The incidence of pulmonary TB is significantly
higher among non-Saudi than Saudi citi-
zens (p value = 0.01). TB affected males more
significantly than females (pulmonary TB
p value<0.01, EPTB p value = 0.01). Most of
the TB infections in Saudi Arabia affect adults
more than children. Post hoc analysis revealed
that TB infections (both pulmonary TB and
EPTB) were significantly higher in 15-year-old
and above age groups than in 0-4 and 5-14 age
groups (p value<0.005). Pulmonary TB and EPTB
in the elderly (60 and above) were significantly
lower than in the 30-59 age group (p value =
0.005). Pulmonary TB incidence was substan-
tially higher in the 15-29 age group than in the
elderly (60 and above), with a p value<0.005.
Salmonellosis is one of the four global causes
of diarrheal diseases [11]. It is one of the most
highly reported bacterial infectious diseases in
Saudi Arabia, where around 2000 people become
infected annually (Table 1). In 2018, the salmo-
nellosis incidence rate was 6.8 (95% CI: 6.69,
6.91) in Saudi Arabia. The incidence increased
to 8.5 (95% CI: 8.39, 8.61) in 2019. In 2020,
there was a remarkable decline in salmonellosis
incidence rate to 4.6 (95% CI: 4.52, 4.68). How-
ever, in 2021, salmonellosis incidence increased
remarkably to 7.2 (95% CI: 7.09, 7.31). S. sal-
monellosis was reported in Saudi citizens more
significantly than non-Saudis (p value = 0.01).
There was a significant difference in the average
salmonellosis cases between different age groups
(p value<0.01). Post hoc analysis revealed that
children under the age of 5 were more signifi-
cantly affected by salmonellosis compared with
the 5-14 age group (p value = 0.004), 15-29 age
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Table 1 The total number of reported bacterial infectious discases (2018-2021) in Saudi Arabia

Bacterial Total in 95% CI Total in 95% CI Total in 95% CI Total in 95% CI
infectious 2018 (IR%) 2019 (IR%) 2020 (IR?) 2021 (IR%)
disease
Brucellosis 5213 (17.3) 17.16-17.4 4219 (14.0) 13.87-14.13 2302(7.3) 7.19-7.41 2193(7.1) 7.04-7.16
Tuberculosis 3907 (12.9)  12.82-13.0 3596 (12.0) 11.95-12.05 2717 (8.6) 8.51-8.69 3154(10.2) 10.1-
(TB) 1029
Pulmonary 2991(9.9) 9.82-9.98 2751(9.2) 9.16-924  2109(6.7) 6.63-6.77 2393(7.8) 7.73-
TB 7.87
EPTB 916(3.0) 298-3.02 846(2.8) 278-2.82  608(19) 1.88-192 761(25) 247
-2.53
Salmonella 2061 (6.8)  6.69-691 2568 (8.5) 8.39-8.61 1450 (4.6) 4.52-4.68 2208(72) 7.09-
infection 7.31
Typhoid- 391 (1.3) 1.29-1.31  612(2.0) 1.97-2.03 287 (0.9) 0.88-0.92 277(0.9) 0.88-
paraty- 0.92
phoid fever
Meningitis 228 (0.8)  0.79-0.81  246(0.8)  0.79-0.81  123(04)  039-041 94(03)  0.29-
0.31
Meningitis 5 (0.02) 0.02-0.02 6 (0.02) 0.02-0.02 8 (0.03) 0.03-0.03 8 (0.03) 0.03—-
meningo- 0.03
coccal
Meningo- 0000) 0 2(0.01)  0.01-0.01 1(00) 0 1(00) 0
coccemia
Menin- 27(0.09)  0.09-0.09  29(0.1)  0.1-0.1 6(0.02) 0.02-0.02  5(0.02) 0.02-
gitis— 0.02
pneumo-
coccal
Meningi-  10(0.03)  0.030.03 5(0.02)  0.02-0.02 1000) 0 1(0.0) 0
tis—HIB
Menin- 186(0.6)  059-0.61 204(0.7) 0.69-071  107(0.3) 029-031 79(0.3)  0.29-
gitis— 0.31
other
Pertussis 24(0.1)  0.1-0.1 207(07)  0.68-072  77(02)  0.19-021 29(0.1)  0.1-0.1
Shigellosis ~ 68(023) 022-024  75(025) 024-026  36(0.11) 0.11-0.11  54(0.18) 0.18—
0.18
Cholera 53(02)  0.19—021  41(0.1)  0.09-0.11 12 (0.04) 0.04-0.04  14(0.05) 0.05—
0.05
Cholera—  41(0.1)  0.09-0.11  30(0.1)  0.1-0.1 4(0.01) 001-0.01  3(0.01) 0.01-
O1 0.01
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Table 1 continued

Bacterial Total in 95% CI Total in 95% CI Total in 95% CI Total in 95% CI

infectious 2018 (IR%) 2019 (IR%) 2020 (IR?) 2021 (IR%)

disease

Cholera—  0(0.0) 0 0(0.0) 0 2(0.01) 0.01-0.01  0(0.0) 0

0139

Cholera—  12(0.04) 0.04-0.04  11(0.04) 0.04-0.04 6(0.02) 0.02-0.02 11(0.04) 0.04-

non-O1 0.04

non-

0139

Tetanus 16(0.05) 0.05-0.05  30(0.1)  0.1-0.1 15(0.05) 0.05-0.05  10(0.03) 0.03—
0.03

Non- 12(0.04) 0.04-0.04  22(0.07) 0.07-0.07 13(0.04) 0.04-0.04  5(0.02) 0.02—

neonatal 0.02

tetanus

Neonatal 4(0.01)  0.01-0.01 8(0.03) 0.03-0.03 2(001) 0.01-0.01  5(0.02) 0.02-

tetanus 0.02

Leprosy 29(0.1)  0.1-0.1 17 (0.06)  0.06-0.06 14(0.04) 0.04-0.04 20 (0.06) 0.06—
0.06

HIB: 2(0.01)  0.01-0.01 1(0.0) 0 1(0.0) 0 1(0.0) 0

encepha-

litis

Syphilis 0000) 0 0000) 0 9(0.03) 0.03-0.03  0(0.0)

Diphtheria ~ 1(0.0) 0 2(0.01)  0.01-0.01 0(0.0) 0 0(0.0)

IR incidence rate, CI confidence interval, EPTB extrapulmonary tuberculosis, HIB Haemophilus influenzae type B

*“Incidence rate per 100,000 population

group (p value = 0.002), and 60 years and above
age group (p value = 0.004).

Typhoid and paratyphoid fever (enteric fever)
are types of Salmonella infections that are clini-
cally different from common salmonellosis
[12]. Typhoid and paratyphoid fever affects
around 300 individuals annually in Saudi Ara-
bia (Table 1). In 2019, typhoid and paratyphoid
fever incidence rate increased from 2.0 (95%
CI: 1.97, 2.03) compared to the rate of previ-
ous year 1.3 (95% CI: 1.29, 1.31), subsequently
dropping by half in 2020 and 2021 with a rate
of 0.9 (95% CI: 0.88, 0.92) for both 2 years.
However, no significant decreasing trend was
observed. There was a significant difference in
the average typhoid and paratyphoid fever cases

between different age groups (p value<0.01).
However, post hoc analysis revealed no statisti-
cal significance.

Bacterial meningitis has the highest global bur-
den and remains a significant public health chal-
lenge [13]. Among all bacteria, N. meningitidis
has the potential to spread rapidly, leading to
large epidemics [13]. Meningococcal meningitis
is relatively rare in Saudi Arabia, as each year
around seven cases of meningococcal meningitis
are reported (Table 1). During 2018-2019, the
incidence of meningococcal meningitis was 0.02
cases per 100,000 persons; then the incidence
increased slightly to 0.03 during 2020-2021. A
significant increasing trend in meningococcal
meningitis incidence rate was observed (p value
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Table 2 The difference in the mean values between categorical variables (sex and nationality) for each reported bacterial

infection in Saudi Arabia

Bacterial infectious disease Reported sex

Reported nationality

Male (mean)

Female (mean)

pvalue Saudi (mean) Non-Saudi(mean) p value

Brucellosis 2662.50 818.25
Pulmonary TB 1794.50 765.00
Extra-pulmonary TB 527.50 254.50
Salmonella infection 1108.50 962.50
Typhoid-paratyphoid fever 247.75 143.75
Meningitis meningococcal 4.00 2.75
Meningococcemia 0.75 0.25
Meningitis—pneumococcal 10.00 6.75
Meningitis—HIB 2.75 1.50
Meningitis—other 83.25 60.75
Pertussis 38.00 46.25
Shigellosis 30.25 28.00
Cholera—O1 14.50 5.00
Cholera—0139 0.25 0.25
Cholera—non-O1 non-O139 6.25 3.75
Non-neonatal tetanus 12.50 0.50
Neonatal tetanus 3.50 1.25
Leprosy 15.25 475
HIB: encephalitis 1.00 0.00
Syphilis 2.00 0.25
Diphtheria 0.50 0.25

0.04 2342.25 1114.75 0.08
0.002  1012.25 1529.75 0.01
0.01 347.25 432.25 0.14
0.41 1527.50 519.25 0.01
0.15 162.75 217.25 0.41
0.36 475 2.00 0.07
0.21 0.75 0.00 0.22
0.51 11.75 5.00 0.22
0.46 4.00 0.25 0.15
0.35 106.75 35.75 0.04
0.79 75.50 8.00 0.19
0.76 43.50 13.75 0.01
0.29 2.00 17.25 0.21
1.00 0.25 0.25 1.00
0.14 6.25 3.75 0.3

0.03 1.75 11.00 0.03
0.1 0.50 4.50 0.03
0.04 425 15.75 0.01
0.09 1.00 0.00 0.09
0.45 1.50 0.50 0.56
0.54 0.25 0.50 0.54

The bolded values represent the statistically significant values (p value < 0.05)

EPTB extrapulmonary tuberculosis; HIB Haemophilus influenzae type B

= 0.05). This increasing trend is concerning,
especially during the Hajj and Umrah seasons.
In 2021, only one case of meningococcemia (a rare
infectious disease caused by N. meningitidis) was
reported in Saudi Arabia (Table 1). Pneumococ-
cal meningitis refers to meningitis caused by S.
pneumoniae. Pneumococcal meningitis incidence
is relatively low in Saudi Arabia (Table 1). Inter-
estingly, meningitis-pneumococcal incidence
remarkably dropped from 0.09 cases per 100,000

persons in 2018 to 0.02 in 2021. Haemophilus
meningitis is a form of meningitis caused by H.
influenzae, usually H. influenzae type B (HIB).
In Saudi Arabia, ten confirmed cases of Haemo-
philus meningitis were reported in 2018, with a
rate of 0.03 cases per 100,000 persons (Table 1).
In 2019, the number of reported cases dropped
to 5 (a rate of 0.02 cases per 100,000 persons)
and continued to decrease to one reported case
in 2020 and 2021. The Saudi epidemiological

A\ Adis



Infect Dis Ther

Table 3 One-way ANOVA tests on different age groups for each reported bacterial infection in Saudi Arabia

Variables Age groups Count  Sum Average  Variance F p value
Brucellosis 0-4 4.00 459.00 114.75 2990.25 9.90 0.00
5-14 4.00 1555.00 388.75 27834.25
15-29 4.00 3550.00 887.50 196352.33
30-59 4.00 6606.00 1651.50  484579.00
60 and above  4.00 1710.00 427.50 22857.00
Pulmonary TB 0-4 4.00 137.00 34.25 108.92 115.54  0.00
5-14 4.00 147.00 36.75 37.58
15-29 4.00 3565.00 891.25 27333.58
30-59 4.00 5165.00 1291.25 22154.25
60 and above  4.00 1224.00 306.00 4358.00
Extra-pulmonary tuberculosis 0-4 4.00 79.00 19.75 58.92 76.05 0.00
5-14 4.00 98.00 24.50 21.67
15-29 4.00 1139.00 284.75 4183.58
30-59 4.00 1488.00 372.00 2364.00
60 and above  4.00 326.00 81.50 251.00
Salmonella infection 0-4 4.00 3782.00 945.50 37857.00 29.35 0.00
5-14 4.00 897.00 22425 1712.25
15-29 4.00 1040.00 260.00 10279.33
30-59 4.00 1881.00 470.25 18354.92
60 and above  4.00 684.00 171.00 702.00
Typhoid-paratyphoid fever 0-4 4.00 173.00 43.25 1078.25 9.86  0.00
5-14 4.00 253.00 63.25 3058.92
15-29 4.00 405.00 101.25 768.25
30-59 4.00 681.00 170.25 2502.92
60 and above  4.00 53.00 13.25 29.58
Meningitis—meningococcal 0-4 4.00 9.00 2.25 2.25 1.67 0.21
5-14 4.00 4.00 1.00 0.67
15-29 4.00 4.00 1.00 1.33
30-59 4.00 8.00 2.00 2.00
60 and above  4.00 2.00 0.50 0.33
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Table 3 continued

Variables Age groups Count  Sum Average  Variance F p value
Meningococcemia 0-4 4.00 1.00 0.25 0.25 1.05 0.41
5-14 4.00 2.00 0.50 0.33
15-29 4.00 0.00 0.00 0.00
30-59 4.00 1.00 0.25 0.25
60 and above  4.00 0.00 0.00 0.00
Meningitis—pneumococcal 0-4 4.00 27.00 6.75 14.25 1.73 0.19
5-14 4.00 9.00 2.25 6.92
15-29 4.00 6.00 1.50 5.67
30-59 4.00 13.00 3.25 10.25
60 and above  4.00 12.00 3.00 10.00
Meningitis—HIB 0-4 4.00 10.00 2.50 9.00 1.49 0.25
5-14 4.00 2.00 0.50 1.00
15-29 4.00 2.00 0.50 1.00
30-59 4.00 2.00 0.50 0.33
60 and above  4.00 1.00 0.25 0.25
Meningitis—other 0-4 4.00 249.00 62.25 741.58 7.76 0.00
5-14 4.00 69.00 17.25 34.92
15-29 4.00 69.00 17.25 103.58
30-59 4.00 137.00 34.25 168.25
60 and above 4.00 52.00 13.00 24.67
Shigellosis 0-4 4.00 43.00 10.75 30.92 442 0.01
5-14 4.00 39.00 9.75 14.92
15-29 4.00 50.00 12.50 16.33
30-59 4.00 74.00 18.50 15.00
60 and above  4.00 27.00 6.75 8.92
Pertussis 0-4 4.00 295.00 73.75 6408.92 3.18 0.04
5-14 4.00 10.00 2.50 1.67
15-29 4.00 5.00 1.25 0.92
30-59 4.00 15.00 3.75 10.92
60 and above  4.00 7.00 1.75 2.25
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Table 3 continued

Variables Age groups Count  Sum Average  Variance F p value
Cholera—O1 0-4 4.00 2.00 0.50 0.33 1.75 0.19
5-14 4.00 0.00 0.00 0.00
15-29 4.00 42.00 10.50 181.67
30-59 4.00 27.00 6.75 53.58
60 and above  4.00 7.00 1.75 2.25
Cholera—Q139 0-4 4.00 1.00 0.25 0.25 0.75 0.57
5-14 4.00 0.00 0.00 0.00
15-29 4.00 1.00 0.25 0.25
30-59 4.00 0.00 0.00 0.00
60 and above 4.00 0.00 0.00 0.00
Cholera—non-O1 non-0139  0-4 4.00 4.00 1.00 2.00 5.65 0.01
5-14 4.00 3.00 0.75 0.92
15-29 4.00 4.00 1.00 0.67
30-59 4.00 20.00 5.00 4.67
60 and above  4.00 9.00 2.25 292
Non-neonatal tetanus 0-4 4.00 8.00 2.00 2.00 6.49 0.00
5-14 4.00 4.00 1.00 1.33
15-29 4.00 8.00 2.00 3.33
30-59 4.00 29.00 7.25 14.25
60 and above  4.00 3.00 0.75 0.92
Leprosy 0-4 4.00 1.00 0.25 0.25 13.72 0.00
5-14 4.00 7.00 1.75 4.25
15-29 4.00 20.00 5.00 0.67
30-59 4.00 45.00 11.25 20.92
60 and above  4.00 7.00 1.75 2.25
HIB: Encephalitis (invasive) 0-4 4.00 0.00 0.00 0.00 1.05 0.41
5-14 4.00 1.00 0.25 0.25
15-29 4.00 1.00 0.25 0.25
30-59 4.00 2.00 0.50 0.33
60 and above  4.00 0.00 0.00 0.00
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Table 3 continued

Variables Age groups Count  Sum Average  Variance F p value
Syphilis 0-4 4.00 0.00 0.00 0.00 0.64 0.64
5-14 4.00 0.00 0.00 0.00
15-29 4.00 2.00 0.50 1.00
30-59 4.00 5.00 1.25 6.25
60 and above  4.00 2.00 0.50 1.00
Diphtheria 0-4 4,00 2.00 0.50 0.33 171 020
5-14 4.00 0.00 0.00 0.00
15-29 4.00 0.00 0.00 0.00
30-59 4.00 1.00 0.25 0.25
60 and above  4.00 0.00 0.00 0.00

EPTB extrapulmonary tuberculosis, HIB Haemophilus influenzae type B

surveillance also reports the number of men-
ingitis infections (meningitis-other) caused by
other than N. meningitidis, S. pneumoniae, and H.
meningitis. However, the report does not specify
what “Meningitis-other” includes. Meningitis-
other incidence is the highest among all cases
of meningitis in the Saudi epidemiology report
(Table 1). In 2018, the rate of meningitis-other
was 0.6 (95% CI: 0.59, 0.61), which declined to
0.3 (95% CI: 0.29, 0.31) in both 2020 and 2021.
Meningitis infections caused by other causes
were significantly higher among Saudi citizens
(p value = 0.04). It is essential to determine the
exact cause to monitor the prevalence and epi-
demiology of all types of meningitis.
Shigellosis is known as the second-leading
cause of fatal diarrhea worldwide [14]. Shigel-
losis in Saudi Arabia was relatively low over
the study period from 2018 to 2021 (Table 1).
In 2018, the rate of shigellosis was 0.23 (95%
CI: 0.22, 0.24). The highest number of shigel-
losis infections was reported in 2019, with a rate
of 0.25 (95% CI: 0.24, 0.26), dropping to 0.11
cases per 100,000 persons in 2020, then slightly
increasing to 0.18 cases per 100,000 persons in
2021. Table 2 reveals that shigellosis cases were
significantly higher in Saudi than non-Saudi
citizens (p value: 0.01). There was a signifi-
cant difference in the average shigellosis cases
between different age groups (p value: 0.01).

However, post hoc analysis revealed no statisti-
cal significance.

Pertussis remains endemic worldwide, even in
countries with high vaccination coverage [15].
Pertussis incidence rates in Saudi Arabia over
the study period were relatively low (Table 1).
In 2018, only 24 pertussis cases were reported,
with an incidence rate of 0.1 cases per 100,000
persons. However, in 2019, there was a remark-
able increase in its incidence rates to 0.7 (95%
CI: 0.68, 0.72), then a drop to 0.2 (95% CI:
0.19, 0.21) in 2020, and a decline to 0.1 cases
per 100,000 persons in 2021. There was a sig-
nificant difference in the average pertussis cases
between different age groups (p value = 0.04).
However, post hoc analysis revealed no statisti-
cal significance.

Cholera is considered an endemic in several
countries with poor sanitation and inadequate
hygiene [16]. The global burden of cholera dis-
ease is undetermined because most of the cases
are not reported [17]. Cholera is infrequently
reported in Saudi Arabia (Table 1). The cholera
incidence rate was 0.2 (95% CI: 0.19, 0.21) in
2018, followed by an incidence decline to 0.1
(95% CI: 0.09, 0.11) in 2019. Cases dropped
remarkably in 2020 and 2021, with a rate of
0.04 cases per 100,000 persons and a rate of
0.05 cases per 100,000 persons, respectively.
During 2018-2019, cholera (O1) was the most
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Table 4 Regression analysis of reported bacterial infectious disease trends over time

Correlation coef- R*value Standard error Fvalue p value
ficient
Brucellosis 0.96 091 533.26 21.19 0.04
Pulmonary TB 0.81 0.65 280.02 3.78 0.19
Extra-pulmonary TB 0.68 0.47 118.44 1.76 0.32
Salmonella infection 0.19 0.04 560.62 0.07 0.81
Typhoid-paratyphoid fever 0.55 0.31 158.76 0.88 0.44
Meningitis meningococcal 0.95 0.89 0.59 17.29 0.05
Meningococcemia 0.32 0.10 0.95 0.22 0.68
Meningitis—pneumococcal 0.88 0.78 7.51 7.03 0.12
Meningitis—HIB 0.94 0.88 1.83 14.34 0.06
Meningitis—other 0.89 0.80 33.33 7.86 0.11
Pertussis 0.17 0.03 102.81 0.06 0.83
Shigellosis 0.61 0.37 16.74 1.17 0.39
Cholera—O1 0.95 0.90 7.25 18.67 0.05
Cholera—0139 0.26 0.07 1.18 0.14 0.74
Cholera—non-O1 non-O139 0.38 0.15 3.07 0.34 0.62
Non-neonatal tetanus 0.56 0.31 7.11 0.89 0.44
Neonatal tetanus 0.15 0.02 3.02 0.05 0.85
Leprosy 0.60 0.36 6.36 1.11 0.40
HIB: encephalitis 0.77 0.60 0.39 3.00 0.23
Syphilis 0.26 0.07 532 0.14 0.74
Diphtheria 0.67 0.45 0.87 1.67 0.33

EPTB extrapulmonary tuberculosis, HIB Haemophilus influenzae type B

reported serotype, followed by cholera (non-O1
and non-0139). However, during 2020-2021,
cholera (non-O1 and non-O139) became the
most reported serotype. Cholera (0139) is rarely
reported in Saudi Arabia. A significant decreas-
ing trend in cholera O1 incidence rate was
observed (p value = 0.05). There was a significant
difference in the average cholera (non-O1 and
non-0139) cases between different age groups
(p value = 0.01). However, post hoc analysis
revealed no statistical significance.

Tetanus is an acute life-threatening disease
acquired through infection of a cut or wound

with the exotoxin produced by the bacterium
Clostridium tetani (C. tetani) [18]. Neonatal teta-
nus is a severe form of generalized tetanus that
atfects newborn infants through contaminated
umbilical stumps or because the mother has not
been sufficiently immunized [19]. Tetanus cases
reported in Saudi Arabia range from 10 to 30
cases annually (Table 1). About 2-8 of these cases
were reported in neonates. The tetanus (includ-
ing neonatal tetanus) incidence rate increased to
0.1 cases per 100,000 persons in 2019, compared
with 0.05 in the previous year. In 2020, the
tetanus rate dropped to 0.05 cases per 100,000
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persons and continued to decrease to 0.03 in
2021. Generally, tetanus affected non-Saudis
more significantly than Saudi citizens (p value
=0.03). There was a significant difference in the
average non-neonatal tetanus cases between dif-
ferent age groups (p value<0.01). However, post
hoc analysis revealed no statistical significance.

Leprosy, or Hansen’s disease, is a chronic
skin and peripheral nerve infection caused by
Mpycobacterium leprae (M. leprae) [20]. Leprosy
affects around 20 persons in Saudi Arabia each
year (Table 1). Throughout the study period
(2018-2021), the highest number of leprosy
cases was reported in 2018 (a rate of 0.1 cases per
100,000 persons), while the lowest was reported
in 2020 (a rate of 0.04 cases per 100,000 pez-
sons). In 2021, 20 leprosy cases were reported,
with a rate of 0.06 cases per 100,000 persons.
Leprosy was highly significant in non-Saudi
than in Saudi citizens (p value = 0.01). Most
leprosy cases affected males more significantly
than females (p value = 0.04). There was a sig-
nificant difference in the average leprosy cases
between different age groups (p value<0.01).
However, post hoc analysis revealed no statisti-
cal significance.

Haemophilus influenza disease is an infection
caused by several recognized strains of H. influ-
enzae, but the most common one is HIB. H.
influenzae is responsible for numerous localized
and invasive infections that often cause severe
complications, particularly among infants and
children [21]. In Saudi Arabia, the Saudi epide-
miological surveillance only reports the number
of meningitis and encephalitis cases caused by
HIB. Other invasive HIB cases were not reported.
Invasive HIB (encephalitis) is extremely rare in
Saudi Arabia. In 2018, two cases of invasive HIB
(encephalitis) were reported, with a rate of 0.01
cases per 100,000 persons. During 2019-2021,
only one case of invasive HIB (encephalitis) was
reported in each year.

Syphilis is a chronic sexually transmitted dis-
ease (STD) caused by the Spirochaete bacterium
Treponema pallidum (T. pallidum) [22]. Syphilis
is not common in Saudi Arabia. As shown in
Table 1, no syphilis infections were reported in
2018, 2019, and 2021; however, nine cases were
reported in 2020, with a rate of 0.03 cases per
100,000 persons.

Diphtheria is an acute bacterial infection
caused by toxigenic Corynebacterium diphtheriae
(C. diphtheriae) [23]. In Saudi Arabia, diphtheria
infection is infrequent (Table 1), due to vaccina-
tion programs. In 2018, only one case of diph-
theria was reported in Saudi Arabia, two cases
were reported in 2019 (a rate of 0.01 cases per
100,000 persons), and none were reported in
both years 2020 and 2021.

DISCUSSION

Bacterial infections have a significant impact on
human health; they can cause severe morbidity
and mortality, particularly in susceptible pop-
ulations such as children, infants, the elderly,
and those with compromised immune systems.
Due to the costs of diagnosis, treatment, and
prevention, they can also represent a consider-
able economic burden [24]. Saudi Arabia faces
various challenges in preventing and control-
ling bacterial infectious diseases due to its large
and diverse population of about 31 million (= 18
million Saudi and 13 million non-Saudi citizens)
people who live in different regions and condi-
tions. Each year, a large mass gathering occurs in
Makkah and Madinah, Saudi Arabia, when over
5 million people from all over the world arrive
in the country to perform Hajj and Umrah [5].
Supposedly, any inappropriate prescription of
antibiotics during Hajj and Umrah would raise
antibiotic resistance globally [25]; hence, huge
efforts are being exerted to reduce the overuse of
antibiotics during these events [26].

In Saudi Arabia, brucellosis was the most
reported bacterial infectious disease between
2018 and 2019. The high rate of brucellosis
in Saudi Arabia is probably due to the cultural
practice of consuming unpasteurized raw milk
from sheep and camels and direct contact with
infected animals [27]. Numerous studies have
investigated the risk factors associated with the
high prevalence of brucellosis in Saudi Arabia.
These studies revealed that most brucellosis
patients had a history of direct animal contact or
ingestion of raw milk products. Veterinary prac-
titioners and cattle owners have an increased
risk of infection [27-30]. However, our study
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revealed that brucellosis incidence rates show a
significant decreasing trend. This reduction indi-
cates that Saudi Arabia succeeded in preventing
and eliminating Brucella infection risk factors.
Nevertheless, Saudi Arabia still needs to under-
take an organized national brucellosis eradica-
tion program to eradicate the disease effectively.
Numerous strategies should be implemented to
eliminate brucellosis, including animal vacci-
nation programs, increasing disease awareness,
debunking unpasteurized milk myths, applying
food safety measures by avoiding undercooked
meat and unpasteurized dairy products, and
maintaining good hygiene. Moreover, brucel-
losis is one of the common laboratory-acquired
infections, and it is important to establish a
comprehensive biosafety system in laboratories
to eliminate the risk of laboratory-acquired bru-
cellosis [31].

During the Hajj and Umrah seasons, upper
respiratory tract infections are particularly the
most common infectious diseases occurring, fol-
lowed by gastrointestinal infections [25]. Saudi
Arabia faces a challenge in the spread of TB as
it is highly contagious and difficult to control,
especially during mass gatherings like Hajj and
Umrah. Eradicating TB infection will require
global efforts to maintain and strengthen the
current TB control programs while focusing on
identifying and treating latent TB infections
[32]. Our study determined that TB incidence
rates decreased slightly from 2018 to 2021;
however, no significant decreasing trend was
observed. Also, the results show that pulmonary
TB is significantly higher among non-Saudi, and
most of the TB infections (both pulmonary TB
and EPTB) affect adults more than children and
the elderly in Saudi Arabia. Promoting disease
awareness, early detection, and appropriate
management of disease is crucial. In June of
2016, Saudi Arabia adopted the WHO's strate-
gic plan to eradicate TB infections (i.e., End-TB
strategy). This strategy aims to end the global TB
epidemic to reach a world free of TB, with zero
deaths, zero diseases, and zero suffering from TB
[33]. Hence, Saudi Arabia’s Ministry of Health
launched the National Tuberculosis Program
(NTP), which achieved a reduction in the rate of
TB cases and the TB death rate by 21 and 12.3%,
respectively, in 2021 compared to 2015, with a

success rate of TB treatment that reached 89.5%
during 2021 [34].

Salmonellosis is one of the top bacterial infec-
tious diseases reported in Saudi Arabia. However,
there was a remarkable decline in salmonellosis
incidence in 2020, mainly due to the cancel-
lation of Hajj and Umrah during the COVID-
19 pandemic with quarantine measures and
travel restrictions. Salmonellosis is particularly
prevalent during the Hajj and Umrah seasons,
as demonstrated in previous studies [35, 36].
Salmonellosis affects Saudi citizens more sig-
nificantly than non-Saudi citizens and children
under the age of 5 more significantly than other
age groups. Importantly, drug-resistant salmo-
nella infections pose a serious threat to human
health. Consequently, appropriate manage-
ment of salmonellosis and proper prescription
of antibiotics, especially during Hajj and Umrah,
is urgently needed. Preventive measures help to
reduce the chances of getting food-borne sal-
monellosis. The United States Food and Drug
Administration (FDA) has published guidelines
for the Food Safety and Inspection Service to
control measures for all stages of the food chain,
from agricultural production to food preparation
at home [37].

Some bacterial infectious diseases are rarely
reported in Saudi Arabia due to vaccination pro-
grams. The Saudi national immunization sched-
ule includes three doses of Diphtheria Tetanus
and Pertussis (DTaP) vaccine routinely adminis-
trated at 2, 4, and 6 months of age, followed by
boosters at the age of 18 months and preschool
entry. A complete DTaP vaccine series is proven
to prevent diphtheria, tetanus, and pertussis
infections [38]. Consequently, the incidence
rate of these infections is relatively rare. Zero
cases of diphtheria have been reported in 2020
and 2021. Most tetanus cases, including neo-
natal tetanus, affected non-Saudi citizens more
significantly than Saudi citizens; this could be
due to insufficient vaccination or inadequate
immunization. Increasing awareness of tetanus
disease and immunization is required, especially
among construction workers. Furthermore, since
the introduction of the HIB vaccine in the early
1990s [39], the conjugated HIB vaccine has
become a routine in the Saudi national immuni-
zation schedule in the early 2000s [40]. Children
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are routinely vaccinated with HIB vaccine at 2,
4, 6, and 18 months of age [38]. Consequently,
invasive HIB, including encephalitis and menin-
gitis, are rarely reported in Saudi Arabia. Moreo-
ver, the routine administration of the Meningo-
coccal Conjugate Quadrivalent vaccine at 9 and
12 months of age [38] has contributed to the low
incidence of disease in Saudi Arabia. Vaccination
programs during the Hajj and Umrah seasons
have contributed to minimizing the spread of
infectious diseases in Saudi Arabia. Meningo-
coccal meningitis outbreaks have been reported
during Hajj and Umrah. Therefore, Saudi Arabia
has introduced the Meningococcal Quadrivalent
(ACYW) vaccine as one of the requirements for
all pilgrims to perform Hajj [41]. However, the
significantly increasing trend in meningococcal
meningitis incidence rate needs to be monitored
closely in Saudi Arabia, and setting restricted
guidelines for managing and preventing men-
ingitis outbreaks is necessary.

One of the essential epidemiological factors
that influence infectious diseases is sex differ-
ences. Several factors may influence the distri-
bution pattern of bacterial infections between
different sexes. Previous studies have demon-
strated an apparent sexual dimorphism in bac-
terial infections in animals and humans [42].
Sexual dimorphism has been shown to influence
susceptibility to conditions, infectious disease
pathogenesis, disease frequency and severity,
and response to therapy and vaccinations [43].
The hormonal, genetic, and environmental dif-
ferences have mainly been attributed to sexual
dimorphism in bacterial infections [44]. In Saudi
Arabia, males were more significantly affected
by brucellosis, tuberculosis (pulmonary TB and
EPTB), non-neonatal tetanus, and leprosy infec-
tions than females. The distribution pattern of
the Saudi Arabian population between differ-
ent sexes and the high percentage of the male
population (= 60%) might contributed to the
increased incidence of some bacterial infectious
diseases among males [45]. Furthermore, the life-
style and environmental factors of males might
influence the distribution pattern of these bacte-
rial infections.

The causality of reported infections has not
been determined in the Saudi epidemiologi-
cal surveillance data. To illustrate, a significant

decreasing trend in the cholera O1 incidence
rate was observed in our study. However, chol-
era is considered a neglected and underreported
infectious disease. Therefore, further investiga-
tion is needed to determine the causality of this
decreasing trend. Implementing an improved
public health surveillance system is necessary
to overcome challenges associated with underre-
porting communicable diseases. Well-conducted
surveillance relies on criteria that include sim-
plicity, flexibility, timelines, data quality, accept-
ability, sensitivity, representativeness, and
reliability [9]. The specificity of Saudi disease
surveillance should be improved since some dis-
eases are not specified or not included in the sur-
veillance system. Among the reported bacterial
infectious diseases, “Meningitis- other” is not
specified, while the incidence rate is higher than
the other reported meningitis rates. The most
common invasive diseases caused by H. influ-
enzae, such as pneumonia, bloodstream infec-
tion, and infectious arthritis, are not included
in the Saudi surveillance system. Moreover, the
Saudi surveillance system does not include the
bacterial pathogens involved in global infection-
related mortality.

CONCLUSIONS

Monitoring the incidence and epidemiology
of bacterial infectious diseases is an initial
core step toward public health goals. Our
study shows that brucellosis, tuberculosis,
and salmonellosis were the most frequently
reported bacterial contagious diseases in Saudi
Arabia between 2018 and 2021. The signifi-
cantly increasing trend in the incidence rate
of meningococcal meningitis is quite concern-
ing, especially during the Hajj and Umrah
seasons. Essential strategies to prevent such
infections are crucial and include raising
awareness regarding disease transmission,
increasing the rate of vaccination, applying
food-safety measures by avoiding the con-
sumption of undercooked meat and unpas-
teurized dairy products and improving access
to safe drinking water, in addition to facilitat-
ing access to appropriate antibiotic therapy
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for treating these infections. Other strate-
gies are also critical to decrease the burden
and the consequences of bacterial infections
and the rate of bacterial resistance, including
improving the diagnostic infrastructure and
implementing appropriate infection control
and antimicrobial stewardship measures. The
future perspective of this research is enhanc-
ing disease surveillance reporting by includ-
ing different variables, such as the source
of infection, travel history, hospitalization,
and mortality rates. Furthermore, improving
the sensitivity and specificity of surveillance
data and focusing on the mortality associated
with bacterial pathogens to identify the most
significant threats and set a public health
priority.
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